Acacia mearnsii (Fabaceae) contains acacia polyphenols, which are a complex mixture of proanthocyanidins that are mainly composed of 5-deoxycatechin units. In this study, an aqueous extract of A. mearnsii bark was fractionated and the α-amylase inhibitory activity of each fraction was evaluated. The 13 C NMR and MS data and the pyrolysis products obtained from the active and inactive fractions were compared. The spectroscopic results clearly indicated that fractions with strong inhibitory activity contained proanthocyanidin oligomers with catechol-type B-rings rather than pyrogallol-type B-rings. HPLC analysis of the pyrolysis products showed peaks for pyrocatechol were only observed in the mixtures obtained from the fractions with high inhibitory activities. In addition, (+)-pinitol was isolated as a major polyol of the extract at a level comparable with that of sucrose.
Acacia mearnsii De Wild. (Fabaceae) is a woody plant originally from Australia that was introduced to South Africa in the 19 th century. The bark has been used as an important source of tannin. Previously, we reported that an aqueous extract of the bark of A. mearnsii showed strong lipase and α-amylase inhibitory activities [1] . The active substances for the inhibition were found to be proanthocyanidin oligomers, which are mainly composed of 5deoxyflavan-3-ol units with pyrogallol-and catechol-type B-rings [1] . Despite many efforts to clarify the phenolic composition, only some dimeric and several trimeric proanthocyanidins have been identified [2] . Purification and identification of most of the oligomers are difficult because of the presence of conformational isomers generated by restricted rotation of the inter-flavan C-C bonds [1, 3] . Presence of the rotational isomers also causes peak broadening in reversed-phase HPLC analysis. Compared with proanthocyanidins with 5,7-dihydroxyflavan-3-ol units, the interflavan linkages between the C-and A-rings of acacia proanthocyanidins (AP) are chemically more stable. This means that the thiol-or phloroglucinol-degradation methods that are widely used for characterization of other proanthocyanidins cannot be applied to AP [4] . Therefore, chemical degradation for identification of the component units is difficult. In an earlier study, we developed a new thiol-degradation method to characterize AP and determined the structures of degradation products [1] . However, the yields of the product were unsatisfactory. Recently, a randomized multicenter feeding trial suggested that an AP supplement could improve glucose homeostasis in subjects with impaired glucose tolerance [5] . Anti-obesity and -diabetic effects of AP have also been reported [6] . Therefore, characterization of the active substance that affects sugar uptake from the digestive tract is important. In the present study, we compared the α-amylase inhibition activities of fractions obtained by polystyrene gel column chromatography, and characterized the structures of active proanthocyanidins by 13 C NMR spectroscopy and mass spectrometry (MS) analyses.
In our previous study, the hot-water extract obtained from the bark of A. mearnsii from a plantation in South Africa was first fractionated by Diaion HP20SS column chromatography, which resulted in a combination of all the phenolic compounds into one fraction that showed strong inhibitory activity. Subsequently, the phenolic fraction was further separated into sub-fractions by a combination of column chromatography and size-exclusion chromatography using a Sephadex LH-20 column. This separation was not successful and the active compounds were dispersed in many fractions. In the present study, the hot-water extracts were carefully fractionated into six fractions using Diaion HP20 column chromatography with monitoring by thin-layer chromatography (TLC) using two different solvent systems. The percentage yields for the fractions and their α-amylase inhibitory activities are shown in Table 1 . TLC analysis indicated that fraction 1 (26.2% yield from the original dried extract powder) was composed of sugars and polyols. The major components of this fraction were separated by amino silica gel column chromatography and identified as sucrose and (+)pinitol (1) [7] by comparison of their 1 H and 13 C NMR spectra with those of standards ( Figure 1 ). The yields for the (+)-pinitol and NPC Natural Product Communications 2016 Vol. 11 No. 12 1851 -1854 sucrose isolated from the extract powder were 8.9% and 9.0%, respectively. Fraction 1 did not show α-amylase inhibitory activity at high (0.5 mg/mL) or low (0.05 mg/mL) concentrations. The other fractions (2-6) contained phenolic compounds and exhibited α-amylase inhibitory activity. Fractions 5 and 6 showed particularly strong activity. AP and the phenolic fractions were analyzed by reversed-phase HPLC using octadecyl silica gel (ODS). Sharp peaks observed in fractions 2, 3 and 4 were identified as (+)gallocatechin (2), (+)-catechin (3), robinetinidol (4), robinetinidol-(4α,8)-gallocatechin (5) and robinetinidol-(4α,8)-catechin (6) by comparison of the peak retention times and UV absorption with those of standard samples [1] . These compounds were purified by Sephadex LH-20 column chromatography, and identified by 1 H NMR spectroscopy. The major phenolic components of all fractions were detected as large broad peaks. The polyphenols in fractions 5 and 6, which were strongly adsorbed on the high porous polystyrene Diaion HP20 column, had relatively long retention times, and these polyphenols showed strong inhibitory activity. This suggested that the inhibition activity is related to the hydrophobic nature of the polyphenols. Next, 13 C NMR spectra of the active fractions were compared. For fraction 4, minor components with low molecular weights, most of which were also contained in fraction 3, were removed by Sephadex LH-20 column chromatography with EtOH, and the strongly adsorbed fraction, Fr. 4E (55% from Fr. 4), was used for NMR comparison. The active fractions were complex mixtures of proanthocyanidins and showed broad signals arising from the proanthocyanidin skeleton. Signals arising from the A-and C-rings were commonly observed, and differences were observed in the intensity of pyrogallol-type (Bp) and catechol-type (Bc) B-rings. The proanthocyanidins in fractions 5 and 6 that showed stronger inhibitory activity contained high proportions of catecholtype/pyrogallol-type B-rings. This was also supported by ESI MS (negative mode) of fractions 4, 5 and 6 ( Figure 2 ). The spectra showed four groups of peaks, which were attributed to dimers (m/z 562-594), trimers (m/z 833-881), tetramers (m/z 1105-1169), and pentamers (m/z 1409-1458). Intervals of 16 mass units were observed in each group and attributed to the difference between catechol-and pyrogallol-type B-rings in the proanthocyanidins. The peak intensities in each group clearly indicated that fractions 5 and 6, which strongly inhibited α-amylase activity, contained proanthocyanidins with catechol-type B-rings (i.e. had a small proportion of Bp-type B rings). The results also suggested that molecular weight was not important in determining the inhibitory activity.
In TLC analysis, the phenolic substances in these fractions showed similar Rf values. However, the responses of fractions 5 and 6 to the ferric chloride reagent (greenish brown coloration) were weaker than that of fraction 4 (dark blue coloration). This was in agreement with the higher proportion of catechol-type proanthocyanidins in fractions 5 and 6 than in fraction 4. HPLC analysis of the pyrolysis products, obtained after pyrolysis at 200°C for 1 h in a sealed tube, of fractions 5 and 6 showed peaks for resorcinol, pyrogallol and pyrocatechol. By contrast, fractions 2-4 only showed peaks for resorcinol and pyrogallol. Based on these results, the α-amylase inhibitory activity of AP was identified as arising from the proanthocyanidins. Because of the difficulty of chromatographic separation and the limitations of chemical degradation methods, the proanthocyanidins in A. mearnsii bark have not been characterized completely. However, the results obtained in this study showed the fractions of AP with strong inhibitory activity contained proanthocyanidin oligomers with catechol-type B-rings rather than pyrogallol-type B-rings.
In addition to proanthocyanidins, we identified (+)-pinitol as the major non-phenolic constituent. Recently, pinitol was shown to have γ-secretase inhibitory activity [7, 8] , insulin-like effects [9], and anti-inflammatory effects [10] . These results confirm that the aqueous extract of the bark of A. mearnsii is a promising functional food supplement.
Experimental
General experimental procedures: 1 Plant material: A. mearnsii bark was obtained from a plantation in South Africa. Spray-dried aqueous extract of A. mearnsii bark was prepared in 2007 according to the method reported by Cutting [11] and was provided by mimozax Co., Ltd. (Hiroshima, Japan). Briefly, the bark was chipped and extracted with hot water (100ºC) for 30 min. After filtration, the filtrate was spray-dried.
Fractionation and isolation:
The extract (20 g) was dissolved in water and applied to a Diaion HP20 column (5 cm × 30 cm) and eluted with 0-100% MeOH in H 2 O (the volume fraction of MeOH was increased in a 5% stepwise manner, and the volume of each step was 300 mL) to give the following 6 fractions (actual yield, percentage yield): Measurement of α-amylase inhibitory activity: α-Amylase inhibitory activity was measured as previously reported [1] . Acarbose was used as the positive control. A substrate solution was prepared by dissolving soluble starch (500 mg) in 25 mL of 0.4 mol/L aqueous NaOH, and heating the solution for 5 min at 100°C. After cooling, the pH of the solution was adjusted to 6.5 with 2 mol/L HCl, and H 2 O was added to adjust the volume to 100 mL. Sample solutions (2, 0.2, and 0.02 mg/mL) were prepared by dissolving each sample in acetate buffer (pH 6.5). The substrate (40 μL) and sample (20 μL) solutions were mixed in a 96 well microplate, and the mixtures were pre-incubated for 3 min at 37°C. Then 20 μL of α-amylase solution (50 μg/mL) was added to each well, and the plate was incubated for 15 min at 37°C. where Abs 1 is the absorbance of the incubated solution containing sample, starch, and amylase; Abs 2 is the absorbance of the incubated solution containing sample and starch; Abs 3 is the absorbance of the incubated solution containing starch and amylase; and Abs 4 is the absorbance of the incubated solution containing only starch.
